Abstract Mixture formation plays as a key element on burning process and controlled by the characteristics if the injection system, the nature of the swirl and turbulence in the cylinder, ad spray characteristics. Mixture formation during ignition process associated with the exhaust emissions.Measurements were made in an optically-accessible rapid compression machine (RCM) with intended to simulate the actual diesel combustion related phenomena. The diesel spray was simulated with the RCM which is equipped with the single-shot common-rail fuel injection system. Diesel engine compression process could be reproduced within the wide range of ambient temperature, ambient density, swirl velocity, equivalence ratio and fuel injection pressure. The examination of the first stage of mixture formation is very important consideration due to the fuelair premixing process linked with the combustion characteristics. The detail behavior of mixture formation images was captured using the high speed camera.This method can capture spray penetration length, spray angle, spray evaporation and mixture formation process clearly. The spray characteristic such as the penetration length, spray angle and spray area are increasing when the injection pressure increased.
Introduction
Diesel engine is an internal combustion engine that uses the high compression pressure to ignite the combustible mixture due to high temperature in the combustion chamber. There were many studies on the fuel-air premixing that resulting from air entrainment which linked to the improvement of exhaust emissions [1] [2] [3] . The most important issue in diesel combustion is achieving sufficient rapid mixing between the injected fuel and the air in cylinder prior to ignition. The oxidation reactions at the end of endothermic period depend on the physical process such as air entrainment, the breakup of the jet spray, and droplets evaporation.
Air-fuel mixing process is a key element in diesel combustion, a good understanding of the formation of the spray is essential to improve fuel-air premixing, ignition process and combustion process. Spray atomization and fuel-air mixing play a significant role on engine performance, combustion and emissions. To understand the phenomena in the combustion chamber of diesel engine, studies using visualization techniques have been made by researchers of universities and industries [4] [5] .
It is well known that the rapid compression machine (RCM) is an excellent tool to study the mixture formation and combustion process. RCM is an instrument designed to stimulate a single compression event of an engine cycle of internal combustion engine [6] [7] [8] . The influence of the injection process inside the combustion chamber has to be considered in the analysis of spray formation and propagation. The flame behavior and turbulence intensity in the combustion field may play an important role, and it is important to clarify these flow characteristics for a better understanding of the mechanism of combustion improvement with high pressure injection.
Experimental Setup
The experimental apparatus can be divided into several systems such as rapid compression machine, single-shot common rail system, data acquisition systems and exhaust emission measurement systems. The general schematic diagram of experiment apparatus is shown in Fig.1 . A free-piston type rapid compression machine (RCM) was used to simulate diesel combustion in a constant volume over a wide range of ambient temperature and pressure conditions similar to actual diesel engines. In addition, systems were added with the exhausts analyzer to observe the exhaust emissions and the in-chamber pressure data are acquired with piezoelectric pressure transducer. Table 1 summarizes the FMI-1000 Common Rail Injector system was used to simulate the common rail injection system with a constant pressure condition similar to actual diesel engine. The fuel pressure in the accumulator can increase up to 180 MPa by using a pump. The fuels tested were a grade II diesel (Standard diesel-STD) and blends of B5, B10 and B15 palm oil with the diesel fuel and the particulars of the tested fuels are detailed in Table 2 .
In this study, mixture formation, initial flame and burning process were examined by measuring the in chamber pressure and observation of direct photograph taken by high-speed color digital video camera (NAC, GX-1) via a quartzes window with frame speed of 10000fps.The real spray image will be obtained by using direct photography method. Direct imaging can be used to obtain information of the flame development after ignition and also as evidence in order to understand the burning process diagnostics. This method can capture spray penetration length, spray angle, spray evaporation and mixture formation process clearly.
Result and Discussion
The effect of blending biodiesel ratio and injection pressure on mixture formation were investigated at the base standard diesel for ambient temperature (room temperature 24°C) and heated temperature of 60°C. Fig.2 depicts the variation in spray structures as injection pressure and blending biodiesel ratio are varied under ambient temperature. As seen in Fig.2 , increased injection pressure and high biodiesel ratio, a great variation in the spray structure is observed compared with standard diesel. It promotes mixture formation and distributes larger amount of fuel between sprays thus creates good spray atomization and exhibits a greater amount of fuel-air premixing prepared for combustion. It seems that increment in injection pressure also affecting the spray tip penetration of the fuel but slightly difference in cone spray. 
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Images of spatial distribution of spray structures obtained at the variation injection pressure and heated fuel temperature at 60°C are presented in Fig. 3 . Referring to the images, as compared with baseline condition of standard diesel, increased injection pressure and preheat fuel can make spray tip penetration shorten. Preheat fuel at 60°C, however, the spray cone becomes small as compared with Fig. 2 (without preheat) . Changes in the spray penetration with different kind of fuel ambient condition are more clearly observed by examining the comparison of spray tip penetration as shown in Fig. 4 . Spray angle is a very important parameter in a compression ignition engine such as the diesel engine. Spray angle are also referred as cone angle that is formed from the exit orifice of spray nozzle. Fig.5 illustrates the variation in spray angle comparison between room temperature (B%, B10, B15) and preheat fuel at 60°C temperature (HB5, HB10, HB15). The preheated condition fuel has higher spray angle as compared to ambient temperature. The largest spray angle heated ordinary diesel (OD) fuel at 1.0 MPa which is 13.17°. As seen in Fig. 5 , under ambient condition, at the B15 ambient and 0.5MPa creates the smallest spray angle as compared with the preheat condition. This behavior could be associated with the low value of kinematic viscosity for fuel under preheat condition. As soon as the diesel is injected into the chamber, the fuel undergoes endothermic effect by absorbing the ambient heat. This phenomenon causes the kinematic viscosity of diesel fuel to decrease. Kinematic viscosity of diesel fuel affects the fuel atomization which consequently affects the engines exhaust emission [6] . Fig. 6 presents projected spray area versus the spray tip penetration for all types of blending ratio fuel. The projected spray area is increasing with the increasing of spray tip penetration. Is clearly seen that the preheat biodiesel fuel present smaller spray area and attributes to smaller spray angle. 
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Standard diesel promotes higher spray area compared to B5, B10 and B15. On the other hand, preheat fuel conditions also enhance the projected spray area, lengthen spray tip penetration and promote mixture formation at spray tip region. However, projected area is distributed at smaller region and suggests less air entrained into fuel spray under all variation blending ratio without preheat than with preheat condition.
Conclusions
The results obtained in this study are summarized as follows: 1. The biodiesel blending ratio B5, B10 and B15 gives longer spray tip penetration, smaller spray angle and projected area than diesel fuel. In ambient condition, spray penetration of biodiesels is longer than ordinary diesel (OD). 2. In the main part of fuel injection, combination of high injection pressure and an appropriate swirl ratio allows more fuel to spread to the outer part of the chamber and to be fine atomized, thus improving the mixture formation. At the same time results lengthen spray tip penetration and promote mixture formation at spray tip region near the chamber wall. 3. High ambient density weakens the spray penetration and resulting from the increasing of boost pressure is anticipated to influence the mixture formation during ignition delay period and burning process. 4. The intensity of flame pattern is a kind of signal that tells the position where well-mixed mixture is prepared before ignition where increasing ambient density shortens ignition delay. 
